The LIM class homeodomain protein Xlim-1 is speci®cally expressed in the organizer and later in the notochord in Xenopus. By seeking genes which are activated by Xlim-1 in animal caps, we isolated a gene which encodes a protein highly homologous to human PA26-T2, a p53-inducible nuclear factor, which we refer to as XPA26. Northern blot analysis showed that maternal transcripts of XPA26 are detected at cleavage stages and reduced during gastrulation. Whole-mount in situ hybridization showed that zygotic transcripts of XPA26 were initially detected in the anterior portion of developing notochord at neurula stages, and later in the entire notochord except its posterior region at tailbud stages. Thus the zygotic expression of XPA26 was detected exclusively in the notochord. q
Results and discussion
Xlim-1 has been suggested to play a pivotal role in the Spemann organizer in Xenopus (Taira et al., 1992 (Taira et al., , 1994b ). To analyze candidate target genes of Xlim-1, we constructed a PCR-based subtracted library with RNAs from animal cap cells that either do or do not express an active form of Xlim-1 (Xlim-1/3m) (Taira et al., 1994b) . By screening of this cDNA library for Xlim-1 activated genes, we identi®ed a Xenopus homolog of the human PA26 gene encoding a nuclear factor (Velasco-Miguel et al., 1999) , and designated it XPA26. Fig. 2A shows that expression of XPA26 is activated in animal caps by Xlim-1/3m as well as by co-expression of Xlim-1 and its co-activator Ldb1, a LIM domain binding protein 1 (Agulnick et al., 1996) . Human PA26 is one of the genes which is stimulated by p53 induction in temperature-sensitive p53 mutant cells (Buckbinder et al., 1994) . Three types of alternative splicing variants, T1, T2, and T3, of PA26 were reported in human (Velasco-Miguel et al., 1999) . T1, T2, and T3 mRNAs differ only in the 5 H regions which contain coding (T1 and T2) or non-coding sequences (T3) derived from distinct 5 H exons. Therefore, T1 and T2 mRNAs encode the common 458 amino acid residues (nos. 35±492 of human PA26±T2; see Fig. 1 ) in the C-terminal region. As shown in Fig. 1 , the putative amino acid sequence of XPA26 is highly homologous to that of human PA26 with 84% identity in the Cterminal common region of T1 and T2. The N-terminal sequence of XPA26 shows weak but signi®cant homology to that of PA26-T2 compared to PA26-T1, indicating that the cloned XPA26 cDNA corresponds to the PA26-T2 variant.
We analyzed expression of XPA26 during Xenopus embryogenesis, since there have been no reports of PA26 genes in other animals, or of developmental expression patterns. Northern blot analysis showed that maternal XPA26 transcripts (3.2 kb) were detected at cleavage stages, and gradually reduced at blastula to gastrula stages (stages 8.5±12.5) (Fig. 2B) . The levels of zygotic XPA26 mRNA increased around the mid-neurula stage (stage 15), and were maintained through the tailbud stages (Fig. 2B ). Wholemount in situ hybridization showed that no localization of XPA26 maternal transcripts is detected at the blastula stage (data not shown), and that the zygotic transcripts are ®rst faintly observed in the anterior notochord at the onset of neurulation (stage 13) (Fig. 3A) . At the mid-neurula stage, XPA26 transcripts were clearly detected at the anterior portion of notochord (Fig. 3B,C) , and were maintained speci®cally in the entire notochord, except the posterior most portion at tailbud stages ( Fig. 3D,E) . Cross-sections showed that the staining is detected in vacuolated notochord cells (Fig. 3F ). Thus the XPA26 gene is speci®cally expressed in the notochord, most likely in the differentiated notochord, since notochord cells differentiate in an anterior to posterior direction (Domingo and Keller, 1995; Hausen and Riebesell, 1991) . According to previous reports (Taira et al., 1992 (Taira et al., , 1994a , Xlim-1 is speci®cally expressed in the organizer region at the gastrula stage (Taira et al., 1992) , then in the notochord at the neurula stage (Karavanov et al., 1996; Taira et al., 1994a) . The notochord expression of Xlim-1 gradually fades in an anterior to posterior direction, but then remains in the tailbud (Taira et al., 1994a) . This expression pattern of Xlim-1 in the notochord is apparently opposite to that of XPA26. However, since we observed that Xlim-1 protein is detected in the differentiated notochord at the late neurula stage when the transcripts have already fallen below detectable levels (Karavanov et al., 1996) , XPA26 is a good candidate of Xlim-1 downstream genes. As shown in Fig. 2A , overexpression of Xlim-1/3m initiates XPA26 expression in animal caps, but does not lead to notochord formation, nor the expression of an early notochord marker gene Xbra (Taira et al., 1994b) . Thus Xlim-1 as well as XPA26 does not appear to be suf®cient for the notochord formation in animal caps.
In this paper, we described cloning and notochord-speci®c expression of a Xenopus homolog of human PA26. This is the ®rst report of the expression pattern of PA26 during early embryogenesis of vertebrates.
Materials and methods
Manipulation of Xenopus embryos, microinjection of synthesized mRNAs into embryos, and Northern blot hybridization were as described previously (Taira et al., 1992 (Taira et al., , 1994b . Embryos were staged according to Nieuwkoop and Faber (Nieuwkoop and Faber, 1967) . Synthetic mRNAs were injected into both blastomeres near the animal pole at the two-cell stage. Animal caps were dissected at stages 8±8.5, and cultured until sibling embryos reached stage 11.5.
A subtracted cDNA library, which was enriched with Xlim-1/3m-inducible genes in animal caps, was constructed using a PCR-Select cDNA subtraction kit (Clontech) according to manufacturer's procedures, which takes advantage of the technique of suppression PCR (Hubank and Schatz, 1994) . Subtracted cDNA fragments were cloned into pT7Blue(R) vector (Novagen) and selected by colony hybridization with subtracted and non-subtracted PCR cDNA pools as differential probes. Of positive clones by this screen, several genes were con®rmed to be activated by Xlim-1/3m in animal caps by Northern blots. One of those clones is clone 73b. To isolate full-length cDNA, clone 73b was used as probe to screen a gastrula cDNA library, and 1.7-kb cDNA clone (pXPA26T2) was obtained. Nucleotide sequences of both strands were determined using ABI PRISM 310 Genetic Analyzer (Perkin Elmer).
For Northern analysis, 6 mg of total RNA from animal caps were electrophoresed in each lane, and RNA blots were hybridized with XPA26 and chordin (Sasai et al., 1994) as probes, sequentially. Whole-mount in situ hybridization with albino embryos and DIG-RNA probes was performed using an automated ISH system (AIH-101, Aloka) according to the method of Harland (Harland, 1991) . Stained embryos were ®xed with Bouin's ®xative and washed with 70% ethanol, 30% 10 mM Tris±Cl (pH7.8) to completely remove the yellowish color of picric acid. Some stained embryos were embedded in paraf®n and sectioned at width of 10±15 mm. 
